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Abstract—Long range (LoHa) wireless networks have been
widely proposed as a efficient wireless access networks for the
battery-constrained Internet of Things (IoT) devices. In many
practical search-and-rescue (SAR) operations, one challenging
problem is finding the location of devices carried by a lost person.
However, using a LoRa-based IoT network for SAR operations
will have a limited coverage caused by high signal attennation
due to the terresirial blockages especially in highly remote
areas. To overcome this challenge, the nse of unmanned aerial
vehicles (UAVs) as a flying LoHRa gateway to transfer messages
from ground LoRa nodes to the groumd rescue station can be
a promising solotion. In this paper, an artificial intelligence-
empowered SAR operation framework onsing UAV-assisted LoRa
network for different unknown search environmenis is designed
and implemented. The problem of the Hying LoRa (FL) gateway
control in the search-and-rescue system wsing the UAV-assisted
LoRa network is modeled as a partially observable Markov
decision process. Then, a deep meta-RL-based policy is proposed
to control the FL gateway trajectory during SAR operation.
For initialization of proposed deep meta-RL-based policy, first,
a deep RL-based policy is designed to determine the adaptive
FL gateway trajectory in a fixed search environment incloding
a fixed radio geomeiry. Then, as a general solution, a deep
meta-RL framework is vsed for SAR in any new and unknown
environments to integrate the prior FL gateway experience with
information collected from the other search environments and
rapidly adapt the SAR policy model for AR operation in a
new environment. The proposed UAV-assisted LoRa network is
then experimentally designed and implemented. To analyze the
performance of proposed framework in real world scenarios, the
proposed SAR system is tested in two different target areas: a
wide plain and a shotted canyon at Mongasht mountain ranges,
Iran. Practical evaluation results show that if the deep meta-RL-
based control policy is applied instead of the deep RL-based one,
the number of SAR time slots decreases from 141 to 50. Moreover,
the average distance between UAY trajectories under deep meta-
RL and deep RL hased policies from the UAV trajectory under
optimal policy are respectively 619 and 1930 meter during the
SAR operation time.

Imdex Terms—LoRa technology, Unmanned aerial vehicle,
Deep meta-reinforcement learning, Search-and-rescoe operation

I. INTRODUCTION

Unmanned aerial vehicles (UAVS) are playing an increas-
ingly imporant role in next-generation wireless networks such

as 50 and beyond [1]. For instance, UAVS can guarantee high-
speed and ulira-reliable connectivity while also extending the
cellular network coverage 1o three-dimensional (3D space [2].
In particular, we can temporarily move UAVS w cover Internet-
of-Thing (IoT) devices and establish communications therein
without high-cost conventional network infrastructures. In
this regard. UAV-assisted wireless networks can decrease the
operational expenditures and improve the efficiency of various
IoT applications.

With the proliferation of UAV-assisted wireless access net-
works, our reliance on IoT applications such as sman farming,
smart factory, and public safety will be more pronounced [3].
However, to support this IoT wrend, a reliable wireless access
technology with wide reach and low power consumption is re-
quired. In this regard, the so-called long-range (LoRa) commu-
nication protocol has been proposed as a promising technology
for high energy-efficient and long-range communication [3],
[4]. These two characteristics make LoRa technology an ap-
propriate solution for battery-constrained loT devices that are
often deploved in dispersed rural areas. A typical LoRa-based
[oT network begins with a LoRa-enabled embedded sensor
node that sends data 1o the LoRa gateway. Then, data can be
sent from LoRa gateway over cellular network and then routed
1o application servers located at the network core. One of the
key challenges of LoRa-based IoT networks is localization for
outdoor environments that is needed for different applications
such as navigation and tracking, air traffic control, remote
sensing, imtelligence. surveillance, and reconnaissance, and
search-and-rescue (SAR) operations [5].

Existing localization technigques are mainly based on the
time difference of arrival (TDOA) and the received signal
strength index (RSS5I) schemes in wireless LoRa networks [6].
In the so-called TDOA portioning methods with LoRa net-
works, the distances between a LoRa node and each LoRa
gateway are estimated through a time of arrival in trilateration
approach [6], [7]. Thus, this method requires the use of a
precise clock o synchronize between all LoRa nodes [8]. This
implies additional communication overheads and higher and,
thus, this solution is not appropriate for low-power and low-
cosl LoRa device [B]. In the RSSI mlateration positioning
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